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ABSTRACT 
The Dells granite of central Arizona, an alkaline granite containing 
accessory fluorite and tourmaline, contains anomalously high amounts of 
uranium. Gamma-ray spectrometry, x-ray fluorescence, petrographic, and 
autoradiographic methods were used to determine the contents and 
distribution of equivalent U, Th, K, and ten major element oxides within the 
granite pluton. The range of uranium content is 0 to 39.7 parts per million 
(ppm) with the mean equivalent U content 8.8 ppm; eTh, 26.8 ppm; and K, 
4.8%. The average uranium content is about twice the average of western 
United States granites, the thorium content slightly less than average. The 
Th/U ratio varies from less than 2.0 to greater than 10.0, indicating both 
enrichment and depletion of uranium relative to thorium. 
Uranium contents greater than +1 standard deviation occur in two main 
localized zones within this highly alkaline granite. These total about 13 
million square feet in area. Thorium distribution is similar to uranium. 
Radioactive accessory minerals containing U and/or Th are present within 
biotite grains of these zones. Enrichment of uranium and thorium in the 
localized areas may be the result of deposition by late-stage magmatic fluids 
rich in volatiles such as water and fluorine. Depletion of uranium is the 
result of the intense weathering of the granite, which has mobilized and 
removed both uranium and iron. Intense jointing provides conduits for 
oxidizing ground and surface water. Assuming a leaching depth of 100 feet 
and 25% removal of uranium by leaching, as much as 13,000,000 pounds of 
uranium may have been removed from the high uranium content areas of the 
granite and circulated in surface and ground waters. Surrounding and 
overlying sediments and the granite body itself provide possible sites for 
enrichment of this mobilized uranium into economic concentrations along 
oxidation-reduction boundaries at depth. 
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I. INTRODUCTION 
A. PURPOSE AND SCOPE OF THE STUDY 
The highest concentrations of uranium and thorium in igneous rocks are 
known to occur in granites, particularly in the peralkaline granit~s. This 
study of the U, Th, and K distribution, as well as the petrochemical 
characteristics of the radioactive Dells granite of central Arizona, was 
undertaken at the recommendation of Dr. Paul Dean Proctor, who with Dr. 
Ahmed Shahin, former adjunct professor in the Department of Geology and 
Geophysics of the University of Missouri - Rolla, first recognized the highly 
radioactive character of the body. Proctor suggested that this pluton was 
among the more radioactive granite bodies of the United States. A major 
objective of this investigation is to relate these patterns, where possible, to 
the major element petrochemistry, mineralogy, and physical characteristics 
of the rock. Related to these is an evaluation of the possibility of labile 
uranium migration into the surrounding sediments, with potential for the 
development of economic uranium deposits. 
To accomplish these objectives, the following field and laboratory study 
was effected. Outcrops of the Dells granite and surrounding rocks, as well as 
the prominent joint patterns, were mapped. A detailed radiometric survey 
using a portable gamma-ray spectrometer was completed. X-ray 
fluorescence analysis of sixty-five rock samples for ten major element 
oxides, and a petrographic examination of forty-eight thin sections were 
completed to attain the major objectives of the investigation. 
Information obtained from this study should provide an understanding of 
the reasons for the highly radioactive character of the granite and the 
distribution of the radioactive elements within the body. Details of the 
constituent minerals of the granite, its chemical composition, possible 
alteration and tectonic features and their possible role in mobilizing labile 
uranium, and the potential development of radioactive deposits within the 
granite and/or the adjacent sediments should be of interest and practical use 
in the study of other radioactive granites. 
B. LOCATION 
The Dells granite is named for the small town of Granite Dells, in 
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Yavapai County, Arizona, about five miles northeast of Prescott (Figure 1). 
U. S. highway 89 cuts across the center of the body (Figure 2). The overall 
igneous mass is roughly an elongated triangle, oriented northwesterly. 
Regionally, it is at the western edge of Chino Valley, between the north end 
of the Bradshaw Mountains on the west and the Black Hills on the east. The 
pluton covers about 4Yz square miles within sections 7, 8, 17, 18, and 19 in T. 
14 N., R. 1 W., and sections 1, 2, 11, 12, 13, 14, and 24 in T. 14 N., R. 2 W. 
The igneous body is covered on all sides by younger rocks and alluvial 
sediments. These effectively hide the actual contacts of the Dells granite 
with the host rocks that it intrudes. On the southeast side it is covered by 
Tertiary basalts and the Glassford Hill volcanic cone. Tertiary 
fanglomerates, overlain by younger Tertiary basalts, cover it on the 
southwest. On the northeast margin, Tertiary fanglomerates and Quaternary 
pediment and terrace gravels and alluvium overlie the pluton. Regionally, 
Krieger's geologic map (Krieger, 1965) shows the granite within a host of 
Precambrian schists and gneisses. 
The Dells granite is traversed by U. S. highway 89 and several county 
dirt roads, and is readily accessible by automobile. Areas near the town of 
Granite Dells and U. S. highway 89 are densely populated, but away from the 
main roads the area is mainly uninhabited. 
C. PHYSIOGRAPHY 
The Dells granite has striking physiographic characteristics,with 
extremely rugged topography, high relief, and strict joint control. The 
igneous mass crops out at elevations between 5,100 and 5,800 feet above sea 
level. Almost the entire 4~ square mile exposed area of the pluton is bare 
rock. Within the well-jointed outcrop area, weathering and erosion have 
produced an unusual assemblage of blocky prominences, straight, vertical-
walled valleys, and a pronounced rectangular drainage system. 
While maximum relief in the outcrop area is 700 feet, typical relief is 
200 - 300 feet. The rugged terrain makes travel in areas remote from 
developed roads difficult, even on foot. Several areas within the exposure 
have less rugged relief and more rounded to flat surfaces. These zones in the 
granite have been more severely weathered than the surrounding granite. 
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Index map showing the Dells granite area in Yavapai County, 
Arizona. 
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growth of ponderosa pine and juniper groves, unusual at such low altitudes in 
this area. 
The weathered granite is a light pinkish - gray to orange, but on fresh 
surfaces it is usually light gray to white. Surface exposures, very rough due 
to weathering along the numerous joints, have associated concentric 
liesegang bands of brown to black iron oxides. These stain the rock parallel 
to the joints, and produce distinctive "bullseye" patterns within individual 
joint blocks. 
The igneous body is covered on the southwest side by two man - made 
resevoirs: 1.) Willow Creek Reservoir on the northwest, and 2.) Watson Lake 
on the southeast. These supply some of the water needs of the Prescott area. 
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II. PREVIOUS WORK 
A. GENERAL 
Joly (1909) was one of the first workers to measure U and Th contents 
in rocks. His objective was to calculate the amount of heat produced within 
the earth by natural radioactivity. Since that time, interest in the 
radioactive elements U and Th has centered on military and civilian 
applications of nuclear energy. Due to increased use of uranium and the 
scarcity of extensive high grade deposits, attention has focused on large low 
grade U-Th deposits in igneous rocks. 
Early workers on U and Th in igneous rocks determined contents in the 
various igneous rock types. Evans and Goodman (1941), Larsen and Phair 
(1954), Whitfield, et. al. (1959), Larsen and Gottfried (1960), and Rogers and 
Ragland (1961) completed studies of this type. Results showed that U, Th, 
and K followed similar paths during magmatic differentiation, and tended to 
be concentrated in the late differentiates such as granites, alkali granites, 
and pegmatites. 
Numerous papers also appeared on the geochemistry of U, Th, and K, 
such as Larsen, et. al. (1956), Adams, et. al. (1959), Vinogradov (1963), and 
Ragland, et. al. (1967). Heier and Adams (1965), and Lambert and Heier 
(1967) concluded that mobile U and Th tend to migrate upward and away from 
increased metamorphism deep within the earth's crust. 
Concentrations of U and Th in rock - forming minerals were discussed 
by Chentsov (1961). He reported that the highest concentrations of U and Th 
occur in the accessory minerals zircon, allanite and monazite. The major 
rock-forming minerals contain the lowest concentrations of U and Th. U and 
Th substitute isomorphically or endocryptically for Ca, Fe, and Mg in the 
crystal lattices of these accessory minerals. 
Detailed studies of U, Th, and K in granite bodies and geographical 
areas have been published. Of particular interest to this study are the early 
reports on the Conway granite of New Hampshire, with its high Th content 
(Adams, et. al. (1962) and Rogers and Adams (1963)), and the high U - Th 
province of the Colorado Front Range (Phair and Gottfried (1966)). Heier and 
Rhodes (1966) described in the Rum Jungle complex of Australia a high U, Th, 
and K leucocratic granite, apparently very similar to the Dells granite of 
7 
Arizona. Stuckless and Nkomo (1978) discussed a possible leaching of U from 
granites of the Granite Mountains of Wyoming, and related this to nearby 
sedimentary uranium deposits. 
Malan and Starling (1969), and Malan (1972) published extensive studies 
of U and Th contents in the Precambrian rocks of the western United States, 
and commented on those in Missouri. O'Brien (1978), and Proctor and O'Brien 
(1981) provided a detailed study of the U, Th, and K distributions in the 
Graniteville granite of Missouri, one of the most radioactive granites in the 
United States, as pointed out by Malan (1972). More recently, Fleck and 
Proctor (1981) compared the U, Th, and K characteristics of the Graniteville 
granite with those of the Dells granite of Arizona. Silver, et. al. (1980) 
investigated U and Th distributions in radioactive granites of central Arizona. 
The Dells granite is included among these. Silver also described a widespread 
uranium geochemical anomaly in Precambrian zircons related to the uranium 
province of the Colorado Plate au. 
B. DELLS GRANITE 
The first extensive geologic investigation of the Dells granite was that 
of Krieger (1965), as part of an investigation of the regional setting of the 
sulfide ore deposits at Jerome and Humboldt, Arizona. The geology and 
petrology of the Dells granite were examined in some detail. The high 
radioactivity and U and Th contents were not noted, though U and Th were 
" ••• looked for ••• " (Krieger, 1965). 
Malans' study (Malan, 1969) of uranium contents of Precambrian rocks 
of California, Nevada, Arizona, and New Mexico included an analysis of a 
sample of Dells Granite, but did not report it to be anomalously radioactive. 
In a follow-up to his 1969 study, Malan published an extensive summary of the 
distribution of U, Th, and K in the Precambrian rocks of the western United 
States, including a geochronology of western Precambrian igneous plutons 
(Malan, 1972). He concluded that granites contained the highest 
concentrations of U, Th, and K, (4.7 ppm, 37.8 ppm, and 4.1 %, respectively) 
of all the rock types studied, and that U and Th contents are highest in those 
granites which were formed during the time of the Mazatzal revolution, 1,400 
million years ago. 
Proctor and Shahin, and Proctor and Doraibabu (personal 
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communications, 1980), completed a reconnaissance gamma-ray spectrometer 
and sampling survey of the Dells granite. They reported a uniquely 
anomalous radiometric response and U and Th contents for the pluton. 
Earlier, Shahin (1978), in a more detailed analysis of the Dells granite, 
included some mineralogical and petrographic studies, major element 
analyses by x-ray fluorescence, and modal classification by several 
classification systems. 
The radiometric response of the Dells granite was identified by an 
airborne gamma-ray and magnetometer survey (Aero Service, 1979) as one of 
the most radioactive granites in Arizona. Reported as "anomaly 23," the 
Dells granite was described as " ••• an excellent U, U/K, and U/Th anomaly." It 
was one of three anomalies selected from forty-six anomalous U, Th, or K 
zones within the area of the Prescott 1:250,000 NTMS quadrangle. The 
survey report recommended that "special attention" be paid to the Dells 
granite anomaly and two others in the search for U-, Th-, or K - related 
deposits. 
Based partly on the results of the aerial radiometric survey (Aero 
Service, 1979), Silver (1980) selected the Dells granite for detailed 
investigation of its radioactive properties. A single sample of Dells granite 
weighing approximately 50 kg (110 lbs.) was intensively studied. This study 
yielded new information on major and trace element geochemistry, and U-Th 
-Pb systematics. The age of the granite was determined to be 1,400 plus or 
minus 15 million years. The uranium content of the sample was 39.6 ppm, 
and the thorium content was 35.6 ppm. 
R. J. Clark (1979), in a hydrogeochemical reconnaissance survey of the 
Prescott 1:250,000 NTMS quadrangle, part of the National Uranium Resource 
Evaluation (NURE) study, shows a high uranium content of 50-100 parts per 
billion in a stream water sample taken from Granite Creek just downstream 
from the Dells granite outcrop. 
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III. METHODS OF INVESTIGATION 
A. FIELD WORK 
Field work was carried out in June and July, 1980, during a period of 
approximately forty days. Prior to beginning the field work, the 1:24,000 
scale topographic sheet for Prescott, the 1:48,000 scale geologic map of the 
Prescott 15-minute quadrangle (Krieger, 1965), and a set of 1:23,900 scale 
aerial photographs were examined. Contacts of the granite body with the 
surrounding rocks were easily recognized on the photographs and transferred 
to the 1 :24.000 topographic map for use in the field. 
Sampling sites for the radiometric and sampling survey are based on a 
north-east-south-west grid of 1,000 foot spacing (Figure 3), and were plotted 
directly on the maps and photographs. The nature of the outcrops and 
drainage and joint patterns permitted ready and precise location of the 
sample sites in the field, using the aerial photographs as guides. Sample sites 
(called stations) are identified by letter north-south and by number east-west. 
Radiometric readings, rock samples, and geologic data were collected 
at about one hundred forty evenly spaced field locations. Locally, rugged 
terrain necessitated repositioning some stations, but usually no more than 
fifty feet in any direction from the chosen location. 
Field work consisted of three main phases: 1.) a radiometric survey for 
the elements U, Th, and K, as well as total radiometric (RM) response, 
carried out with a Scintrex GAM-I portable gamma-ray spectrometer; 2.) a 
rock sampling program; and 3.) field mapping of geologic features in and 
around the Dells granite area. 
1. Radiometric Survey: The radiometric survey was conducted to 
determine the amount of radiation from radoiactive U, Th, and K at the 
outcrops of the Dells granite. The portable Scintrex GAM-1 gamma-ray 
spectrometer discriminates gamma-ray energies associated with 214Bi (1.76 
MeV) for uranium, 208TI (2.615 MeV) for thorium, 40K (1.46 MeV) for 
potassium, and total radioactivity. These energies, related to 40K and the 
daughter products of U and Th, are read separately from a meter which 
registers from 1 to 10,000 counts per second (cps). The readings are the use 
of a series of stripping equations (Baird and Nargolwalla, 1975), which 
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Figure 3. Outline of the Dells granite outcrop showing location of sample 
stations. 
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the use of a series of stripping equations (Baird and Nargolwalla, 1975), which 
use the chemical contents of U, Th, and K from a known set of rocks from 
the same area as constants. 
At the beginning of each field day, the GAM-1 spectrometer was turned 
on about one half hour early to warm up. It was then taken to a location well 
out of the range of influence of the radioactivity of the granite body where it 
was calibrated, and background readings in all four channels taken. 
Background readings were taken over valley fill deposits, which were very 
low in radiometric response compared to the granite. Following this, the 
instrument was returned to the survey area for the days radiometric 
measurements. In accordance with instrument instructions, it was re-
calibrated every hour. 
At each sample station, readings were taken of all four channels at five 
separate locations at the station which best corresponded to the optimum 
rock-detector geometry for reading with the GAM-1 spectrometer, i.e., flat 
outcrop surface with infinite dimensions. The spectrometer was placed 
directly against the rock surface for all readings to insure uniformity of 
reading conditions. Twenty readings at each sample station, five for each 
element, and five for total RM response, were recorded on a card along with 
the station number, the date, background readings, and pertinent geological 
information. 
2. Sample Collection: A rock sample was taken at each of about 140 
stations. Samples were generally fist sized, and weighed 1-2 pounds each. 
Each was numbered and placed in a sample bag. Most samples were of the 
weathered surface granite. Other samples, of pegmatite and quartz-
tourmaline veins, rhyolite dikes, and xenoliths, were also collected. 
3. Field Mapping: At each sample station, information was recorded 
regarding joint orientation, weathering pattern and severity, alteration, and 
mineralogical and physiographic characteristics of the rock. Most of this 
information was plotted directly on overlays of aerial photographs and the 
topographic map. 
B. LABORATORY WORK 
1. X-Ray Fluorescence: Sixty-five evenly distributed samples from the 
original group of 14-0 were selected for x-ray fluorescence petrochemical 
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analysis. Samples were first broken with a hammer, then pulverized to minus 
200 mesh or smaller with a Spex Shatterbox. The pulverized rock was then 
pressed into 1 5/8" diameter round pellets, using boric acid as a substrate. 
These pellets were designed specifically for use in the sample holders of the 
Philips 14-10-1140 x-ray fluorescence spectrometer, and ensured uniform 
sample size, shape, and thickness, as well as a representative well-blended 
sample of rock. 
Failure of the sample pellets was common when they were placed under 
the required vacuum of the x-ray spectrometer. This may have resulted from 
water absorbed in the clay minerals of the weathered granite samples. Water 
present vaporized instantly as the vacuum was applied, causing the 
compressed rock powder to break out of the boric acid substrate. As a 
precaution, all pellets were heated to a temperature of 275 degrees F before 
analysis to remove any water present. 
A Philips 1410-1140 x-ray fluorescence spectrometer was used to 
perform spectrochemical analyses for the ten major element oxides, as well 
as uranium analyses for some twenty samples. The ten major element oxides 
analyzed were Si, AI, Fe, Mg, Ca, Na, K, Ti, P, and Mn. Prepared rock 
sample pellets were analyzed in groups of three. Immediately before and 
after the analysis for each element in the sample group, a standard rock slab 
was analyzed for that element in order to correct for background noise and 
instrument drift. 
Raw spectrometer analytical data were fed into a computer program 
for use with a Tektronix 31 desk calculator. This program, developed by Dr. 
Sheldon K. Grant of the Department of Geology and Geophysics of the 
University of Missouri-Rolla, permitted computation of the percentage of 
each of the ten major element oxides in each sample, normalizing these to 
total one hundred percent, calculation of the percentages of the normative 
mineral molecules by the C.I.P. W. system as described by Johannsen (1931), 
and calculation of the ratios of orthoclase: albite: anorthite for each sample. 
2. Thin Sections: Forty eight thin sections were prepared to thoroughly 
investigate the petrography and petrology of the Dells granite and associated 
rocks. The list below indicates the number of sections and the types of rock 
sampled: 
Rock Type 




Intrusive Dike Rocks 
Xenoliths and Inclusions 
TOTAL 









Objectives were to verify information already presented in papers by 
Krieger (1965), Shahin (1980), and to further understand the petrography and 
petrology of the granite. A second objective was to investigate the uranium-
bearing accessory minerals and the characteristics of the darker phases of 
the granite, pegmatites, quartz-tourmaline veins, intrusive dikes and pipes, 
xenoliths, and breccia fragments. 
3. Autoradiographs: An Autoradiograph is a photograph made when x-
ray film is placed in direct contact with a rock slab or thin section and 
exposed by the natural radioactivity of the minerals in the rock. Nineteen of 
these were made to determine relative radioactivities of the constituent 
minerals of the granite. 
Autoradiographs were prepared by cutting the rock samples into flat 
slabs, grinding the slabs as flat as possible, then placing the slabs directly on 
sheets of standard DuPont x-ray film. An exposure time of 3~ weeks gave 
adequate results. The most intensely radioactive minerals in the rock showed 
on the developed film as dark spots and patches, while the least radioactive 
minerals, as well as the unaffected portions of the film, remained 
transparent. 
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IV. REGIONAL GEOLOGY AND GEOLOGIC HISTORY 
The Dells granite, at the western edge of the Chino-Lonesome Valley, 
lies at the southwestern border of the transition zone between the Colorado 
Plateau province to the northeast and the Basin and Range province to the 
southwest. Block faulting of Tertiary age separates the transition zone from 
the Colorado Plateau, but Paleozoic strata, where not removed by erosion, 
still lie essentially flat, as they do on the Colorado Plateau (Wilson, 1962). 
The older Precambrian rocks in the area consist of metamorphosed 
basaltic, andesitic, and rhyolitic flows belonging to the Big Bug (formerly 
Alder) Group of the Yavapai Series (Anderson, et. al., 1971). The Big Bug 
Group rocks have been intensely deformed on a regional scale. The Big Bug 
Group rocks were intruded at the end of the Mazatzal Revolution, about 
1,400 million years ago by large plutons of granitic to gabbroic composition in 
an anorogenic intrusive episode (Silver, et. al., 1977). These plutons include 
the Dells granite. 
Following the Mazatzal Revolution, a long period of uplift and erosion 
occurred. During Paleozoic time, the Dells granite area was at the the north 
edge of "Mazatzal Land," an emergent land mass. If any Paleozoic sediments 
were deposited in the Dells granite vicinity, they have since been stripped 
from the region. Krieger (1965) suggests that Mesozoic rocks were not 
deposited here. In other nearby areas, the Paleozoic and Cenozoic rocks are 
all nearly horizontal and lie unconformably atop the deformed Big Bug 
metamorphic rocks and intrusive plutons. 
Tertiary rocks in the area consist of basalt and andesite flows, buried 
cinder cones such as the cone that forms Glassford Hill, and sedimentary 
rocks in the Chino-Lonesome basin; gravels, sands, silts and clays, and 
occasional fresh-water limestones. 
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V. GEOLOGY OF THE DELLS GRANITE 
A. MINERALOGY AND PETROGRAPHY 
The Dells granite is a medium- to coarse-grained, fairly equigranular 
rock with a granitic and occasionally porphyritic texture. It is light gray to 
white on fresh surfaces, and pinkish-orange and brown in weathered outcrops. 
The main minerals of the granite are white feldspars, clear gray to light blue 
smoky quartz, and green to black biotite. Secondary minerals include: 
tourmaline, fluorite, hematite, and magnetite. 
Microcline comprises about 27% of the rock. It occurs as anhedral and 
interstitial grains up to 5 mm in length and as occasional rare phenocrysts 
ranging up to 5 em in length. 
Albitic plagioclase, An7 {Krieger, 1965) to Anro {Silver, 1980), is 
present in quantities of up to 35% of the granite. It occurs as subhedral to 
euhedral grains up to 4 mm in size {Shahin, 1978), in perthitic intergrowths 
with microcline, and as occasional large phenocrysts (Krieger, 1965). Albite 
crystals show occasional faint zoning. 
Rounded anhedral grains of quartz up to 5 mm across make up 30 - 3.5% 
of the rock. It is clear in thin section, and contains accessory zircon and 
apatite (Shahin, 1978). The quartz appears cloudy or smoky in hand specimen. 
The undulating extinction of the quartz suggests slight strain. 
Green to black biotite occurs in varying amounts throughout the 
granite. Krieger (1965) reports dark green biotite books up to 4 mm in 
diameter in the northeastern part of the outcrop. She records, however, that 
most of the biotite is bleached to a pale olive color. The 2V angle of this 
bleached, pale mica is too large to be that of muscovite, which it resembles. 
Silver (1980) reports both muscovite and biotite in the granite. Dark 
pleochroic haloes occur in some biotite grains around tiny included zircons 
(Figure 4). Colors of pleochroism range from light to dark brown in the green 
biotite. In some of the biotite grains, alternating plate-like grains of iron 
oxides {magnetite, specular hematite, ilmenite, and leucoxene) occur parallel 
to the (0001) cleavage planes of the biotite. Very dark pleochroic haloes 
surround some of these iron oxide accessory grains (Figure 5). Bleached 
biotite appears to be associated with deuteric or hydrothermal fluorite 
(Krieger, 1965). The latter is often found near biotite grains. 
Figure 4. 
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Pleochroic haloes surrounding tiny accessory mineral grains 
(probably zircon) in biotite. Plane polarized light, 150X. 
Figure 5. 
17 
Pleochroic haloes surrounding Fe-rich accessory phases in 
biotite. Plane polarized light, same grain rotated 900 from top 
picture to bottom picture, 150X. 
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Shahin (1978) reports up to 1% hornblende in the rock, as green 
subhedral crystals up to 4-mm in length. Hornblende has locally altered to 
chlorite and pyroxene. Hornblende is associated with biotite. Inclusions in 
hornblende include sphene, apatite, and magnetite. 
Accessory minerals reported by different authors include: magnetite, 
ilmenite, hematite, leucoxene, fluorite, tourmaline, and red garnet (Krieger, 
1965); zircon, apatite and sphene (Shahin, 1978); and epidote, clinozoisite, 
allanite, thorite, xenotime, and several unidentified metamict phases (Silver, 
1980). 
Tourmaline and fluorite are the most abundant of the accessory 
minerals. Tourmaline occurs throughout the granite within pegmatitic pods 
and lenses, alteration zones, and disseminated throughout the rock (Figure 6). 
Individual crystals range from less than 1 mm to over 25 em in length. Some 
single coarse crystals are triangular in cross-section and up to 2 em across. 
Other tourmaline occurs as large radiating aggregates of fine needle-like 
crystals up to 30 em across in quartz-feldspar pegmatites. Tourmaline also 
occurs as pipe- or pod-shaped outcrops or "blowouts" of solid, fine-grained 
tourmaline (90% of the total rock mass) up to 30 feet across. The largest of 
these grade outward irregularly to tourmaline-quartz rock, then to 
tourmaline-feldspar rock, and then to normal granite, usually within a 
distance of 5 to 50 feet. A small prospect pit has been dug in one of these 
"blowouts" in the vicinity of station K-15 (Figure 7). 
Fluorite, much less conspicuous, occurs as small clear to purple veinlets 
and granular masses as seen in thin section and in some hand specimens 
(Krieger, 1965). It also occurs in colors ranging from pale green to pink 
(Silver, 1980). 
B. CHEMICAL AND MODAL CLASSIFICATION 
Sixty-five samples of Dells granite were analyzed by x-ray 
fluorescence. Computer software already discussed allowed calculation of 
both percentages of the ten major element oxides and normative mineral 
values (Johannsen, 1931) for each sample from the raw data. 
Normative feldspar values for albite, anorthite, and orthoclase were 
plotted on the albite-orthoclase-anorthite face of the albite-orthoclase-
anorthite-quartz tetrahedron according to the classification proposed by 
Figure 6. 
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Interstitial tourmaline between individual mineral grains in the 
Dells granite. Plane polarized light, 25X. 
Figure 7. 
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Outcrop of massive tourmaline and quartz, surrounded by white 
bleached Dells granite. Site of small prospect pit at station K-
15. 
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O'Connor (1965) for quartz-rich igneous rocks. Use of only the feldspar face 
of the tetrahedron is permitted in this system when the quartz content of the 
rock is greater than 10%. This system is particularly applicable to the Dells 
granite since its quartz content generally exceeds 30%. 
The plots of the sixty-five analyzed samples fall neatly within the 
granite field of the diagram (Figure 8). Feldspars are almost exclusively 
orthoclase (microcline) and albite, indicating a granite high in K20 and Na20. 
Anorthite is practically absent, and thus the CaO content of the granite is 
very low. 
Krieger (1965) and Shahin (1978) present plots of modal analyses of the 
mineral constituents of thin sections of the Dells granite based on quartz-
plagioclase-orthoclase ternary diagrams. Shahin (1978) classifies these data 
by the systems described by Johannsen (1922, 1931), Troger (195lf.), Bateman, 
et. al. (1963), and Streckeisen (1967). By the Johannsen, Troger, and Bateman 
classifications, the Dells granite falls entirely within the granite field. By 
Streckeisens' classification, the Dells granite is a syenogranite. 
C. STRUCTURAL CHARACTERISTICS 
1. Pegmatites, Segregations, Altered Zones, Xenoliths, and Dikes 
within the Dells Granite: 
a. Pegmatites: Local variations of texture and mineralogy occur 
within the Dells granite. Pegmatitic pods, veins, and masses occur 
throughout the outcrop area and range from small pockets 6" or less across to 
dikes and lenses tens of feet long and several feet wide. The pegmatites have 
simple compositions and include quartz and feldspars as the principal 
minerals. Quartz is massive, gray to white, and milky or smoky. The main 
feldspar is white to pink microcline, which occurs in crystals up to 10" in 
length (Krieger, 1965). Graphic intergrowths of microcline and quartz are 
present in some pegmatites. Tourmaline is also present, as large single 
crystals in quartz, or in fine radiating masses of needle-like crystals. Albite 
(An6), biotite, and muscovite also occur in pegmatites (Krieger, 1965). 
Internal structures of some pegmatites show alternating layers of pegmatite 
and fine-grained aplite (Figure 9). Textures of these aplites vary from finely 





Normative feldspar ratios from the Dells Granite. Sixty-five 
partial molecular norms are plotted on an Ab-Or-An ternary 
diagram (diagram modified from O'Connor, 1965). 
Figure 9. 
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Alternating layers of pegmatite and aplite in highly altered Dells 
granite at station L-13. 
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b. Segregations: A large area of the southeastern portion of the 
pluton near station L-14- and two smaller locations at M-6 and K-15 show 
distinctly different color, texture, and mineralogy than the main granite 
(Plate 1). These outcrops are much less weathered, have smoother surface 
textures, and are dark gray ish pink to dark bluish gray. Textures are finer 
grained, porphyritic, and the rock has up to 15% biotite and other mafic 
minerals which are sparse in the main granite. Quartz is much less abundant 
than in the main granite. No pegmatites are apparent in these areas. 
Abundant xenoliths of similar color and texture occur within this rock, but 
are rare in the surrounding granite. This darker rock zone represents a less 
differentiated, more basic portion of the Dells granite magma, and is older 
than the rest of the Dells granite. 
c. Altered Zones: Two large zones of altered granite occur in the 
northeastern portion of the granite, at stations K-15 and L-13. Both of these 
areas are zoned, consisting of a central core of pegmatitic and aplitic rocks 
surrounded by a halo of altered granite, which in turn grades laterally into 
normal unaltered granite. 
At station K-15, the altered zone covers an irregular area about 700 
feet long and up to 300 feet wide, and trends roughly N. 4-50 W. It consists of 
intensely bleached and crumbly white granite, with a central core of bleached 
pegmatite and aplite. In the outer alteration halo, the first altered minerals 
are the feldspars. These become increasingly bleached and fragmented 
toward the center of the zone, with quartz less affected. This rock has a 
white, sugary appearance, and is composed of fine to medium grained quartz 
grains in a fine-grained crumbly feldspar-mica matrix. Epidote and small 
reddish garnets are present in small quantities. The pegmatites and aplites in 
the center of the zone also have a bleached appearance (Figure 9). At 
station K-15, three masses of tourmaline-quartz-feldspar rock are present. It 
is unknown whether these are related to the altered zones mentioned above. 
In the vicinity of station M-6, an outcrop of fine-grained silicified 
granite, less than 10 square feet in area, is intensely veined by epidote. The 
rock consists of fine grained quartz and feldspar invaded by numerous veins 
of fine-grained epidote from 0.1 mm to 10 mm in thickness. This occurrence 
appears to be unique in the Dells granite, though numerous epidote-rich rocks 
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can be seen in the tertiary gravels and fanglomerates that overly the granite. 
Krieger (1965) also indicates several silicified zones in the granite north 
and west of Storm Ranch. 
d. Xenoliths: Xenoliths of the metamorphic basement rocks consist 
mainly of black biotite schist and quartz-feldspar-biotite gneiss and are fairly 
abundant in the Dells granite. These increase in size and frequency in the 
northwest portion of the granite. Near stations C-2, D-3, D-4, and D-5, 
numerous large xenoliths, usually tabular in shape (following the foliation of 
the metamorphic rocks), up to 3 feet long by 6" wide, are present in the 
granite. Several zones in this area are composed of up to 75% xenoliths in 
the total rock. These zones take the form of breccia-like bodies (Figure 10). 
A distinctive xenolithic zone near station D-5 is composed almost entirely of 
oriented tabular blocks of schist and gneiss. These blocks range in size up to 
3 feet long and 6" wide, stand vertically, and have a general trend of N. 400 
E. The outcrop of the zone is also elongated in a N. 400 E. direction, and 
probably relates to similar outcrops nearby (Figure 10). Near stations D-3 
and D-4, numerous large single xenoliths and xenolith clusters are present. 
The frequency and size of the xenoliths in this area suggests proximity 
to the host rock-granite contact at depth, laterally, or vertically above. 
e. Dikes: Two light blue-gray dikes of aphanitic porphyritic rock occur 
in the south-central area of the granite. These are sub-parallel to the joint 
pattern in the area, and trend from N. 200 E. at the south end of the southern 
dike to N. 400 E. at the north end of the northern dike. The dikes are 
exposed over a total length of 4,000 feet, and their width averages 15 feet. 
They are exposed mainly in stream beds, as both they and the stream beds are 
joint controlled. 
The light blue-gray dike rock (Figure 11) has an aphanitic groundmass 
which comprises about 50% of the rock. This encloses numerous phenocrysts 
of white, sometimes zoned K-feldspars up to 3 mm in size, as well as 
numerous euhedral black biotite crystals, and rare magnetite and hornblende. 
These rarely exceed 1 mm in size. The aphanitic groundmass is composed of 
quartz and feldspar. Near the contacts of the dikes with the granite, the 
internal structures of the dikes are oriented parallel to the contacts. A chill 
zone of very fine-grained dike rock parallels the contacts, and is about 1-2 
feet thick. Composition of the dikes is rhyolitic, as mentioned by Wilson 
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Figure 10. Dark, tabular, metamorphic xenoliths, most oriented vertically 
with a trend of N 4QOE, in a matrix of Dells granite, located at 
station D-4. 
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Figure 11. Gray rhyolitic dike rock exposed in stream bed near station L-10. 
Hammer handle indicates trend of dike, approximately N 300 E. 
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(1962) and Krieger (1965). Wilson (1939) suggests a northeast trend for 
rhyolite dikes in central Arizona, and concordance with local structures. The 
rhyolite dikes in the Dells granite are strictly joint controlled. 
A minor outcrop of Tertiary basalt occurs near station J-9. This basalt 
appears to have intruded and locally brecciated the granite. Fragments of 
granite ranging up to several inches across are included in the black, 
vesicular basalt. The outcrop is less than 10 feet across, and probably takes 
the form of a vertical pipe. The basalt is similar in appearance and probably 
related to the basalts which cover the Glassford Hill cone immediately to the 
east of the Dells granite. 
2. Secondary Structures: A very well-developed joint system occurs 
throughout the Dells granite. The joints play a major role in the weathering, 
groundwater movement, and present-day physiography of the body. 
The attitudes of some 337 joints were measured at outcrops of the 
granite. An equal-area histogram (rose diagram) and a contour diagram were 
constructed from these data according to the method described by Dennison 
(1968) to analyze the trends of the joint sets. 
Two major joint sets are apparent in both diagrams. The rose diagram 
(Figure 12) shows the strikes of the two major sets to be N. 300 E. and N. 600 
W. Both sets are nearly vertical, as shown on the contour diagram (Figure 
13}. The contour diagram indicates two major vertical sets, as well as a 
subordinate third set of approximately horizontal attitude. These three joint 
sets, at nearly right angles to each other, exert a strong influence on the 
forms and shapes of the outcrops of the pluton. The end product of this joint 
system, coupled with a high degree of weathering, is a series of columnar, 
cuboidal, and spheroidal outcrop configurations over the entire outcrop area 
(Figures 14 and 15). 
The two vertical joint sets were probably formed by contraction caused 
by cooling of the granitic magma. Alternatively, later tectonic forces acting 
on the solidified magma resulted in the N. 300 E. and N. 600 W. trending 
joints. Elsewhere in Arizona, tectonic forces have resulted in N. 300 E.,N. 
450 E., and N. 600 E. trending faults, folds, and shears (Wilson, 1962). The 
horizontal joints probably resulted from the shrinkage of the cooling magma 
and/or relief of vertical stress as overlying rock was removed by erosion. 
The nearly horizontal joint set may also be related to possible domal 
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Figure 12. Rose diagram of 337 joint strikes within the Dells granite. 








3-4 " 8-10 cr. 
10-12 cr. 
8-8 cr. 12-14 cr. 
Contour diagram of 337 joints in the Dells granite. Poles are 
plotted on the lower hemisphere {Modified from Krieger, 1965). 
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Figure 14. Joint-controlled erosion of the Dells granite at station K-6. 
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Figure 15. Joint-controlled erosion and iron oxide banding of the Dells 
granite at station K-6. 
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structures in the solidified magma resulting from original upwelling or 
convection cells within the original fluid magma mass. On aerial 
photographs, some faint arcuate lineaments can be seen around the area of 
darker granite mentioned in section C. 1. b. These lineaments seem to 
indicate that this segregated zone is the center of a domal structure perhaps 
related to a convection cell within the original magma. 
3. Weathering: Post-Precambrian erosion and exposure have subjected 
the Dells granite and most of the other Precambrian rocks in the area to 
extensive periods of weathering. These rocks have been at or near the 
surface since late Precambrian time. Paleozoic rocks (Wilson, 1962) and 
Mesozoic rocks (Krieger, 1965) were probably not deposited in this area, as it 
was on the emergent "Mazatzal Land" (Wilson,1962). 
Weathering and erosion have produced some remarkable features in the 
Dells granite. The entire surface exposure, except for the are of darker 
granite, has been weathered and eroded, so that fresh outcrops are nearly 
nonexistent, except in deep stream channels and quarried areas. The granite 
breaks down easily into a coarse grus which fills in low areas and stream 
beds. The grus consists of coarse grains of quartz and feldspar. 
The most remarkable weathering characteristic of the granite is the 
persistent liesegang-type banding of iron oxides present almost everywhere in 
the outcrop area. The banding is joint-controlled and consists of concentric 
zones of iron oxide stain within individual joint blocks (Figures 15 and 16). 
Where these spherical zones weather out along the exposed face of a joint 
block, they form concentric rings, from ~ inch to 2 inches in width. 
Elsewhere in the granite, the banding appears at random through the rock, 
although joint control is evident almost everywhere. In some areas, xenoliths 
within the granite are surrounded by iron oxide haloes. 
The intensity, amount, and width of the banding varies over the outcrop 
surface. At station K-6, up to 15 or 20 concentric bands can be counted 
within a single joint block (Figure 16), while in other areas only 1 or 2 bands 
may be present. The bands vary from yellow-orange in fresh granite to dark 
brown or black in the more intensely weathered areas. 
This banding is caused by the inward movement of iron-bearing 
oxidizing groundwater from joint surfaces toward the centers of the cuboidal 
joint blocks (Krieger, 1965). The water apparently leached the iron from the 
34 
Figure 16. Detail of iron oxide banding within individual joint blocks of the 
Dells granite at station K-6. 
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granite nearest the joint surfaces and redeposited it deeper within the rock, 
depending on the depth of penetration of the water. Significantly, the 
radiometric response of the granite in individual joint blocks shows the 
interiors of the banding rings to have a higher total response than the edges 
nearest the joint surfaces. This indicates the outside surfaces of joint blocks 
have been leached of some of their radioactive components. 
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VI. X-RAY DATA AND RADIOMETRIC SURVEY RESULTS 
~ GENERALPROCEDURE 
1. General Statement: Results of the radiometric survey and the x-ray 
spectrometer analyses for the ten major element oxides were statistically 
examined and compared to determine if any correlative relationships exist 
between the distribution of U, Th, K, and total radiometric response, the the 
Si02, Al203, MgO, CaO, Na20, K20, Ti~, P205, and MnO contents of the 
granite. 
Radiometric and petrochemical data for each of the 65 sample stations 
were punched on computer cards. Statistical data for each element were 
generated using the Statistical Analysis System (SAS), software developed by 
the SAS Institute (SAS Institute, 1979), and available through the University 
of Missouri computer network. SAS procedures used were in the 
UNIVARIATE option, which calculates a complete set of univariate statistics 
for each element. These include the mean, standard deviation, range, 
variance, and the coefficient of variation. Statistics for the Dells granite are 
summarized in Table I. 
The radiometric and petrochemical data were also used in a computer 
program to produce contour maps of the content of each element and the 
total radiometric response over the entire outcrop area of the Dells granite 
at a scale of 1:48,000. These were plotted on a CalComp plotter. This scale 
corresponds to the scale of the geologic map of the Prescott 15' quadrangle 
(Krieger, 1965). Contour intervals selected for the individual maps are based 
on the standard deviation from the mean for each element. Each ccontour 
line represents one or more standard deviations above or below the mean 
value for each element plotted. 
Fifteen contour maps were plotted: ten of the major element oxides in 
percent, one each for U, Th, (both in parts per million), 40K, total 
radiometric response (in counts per second), and one of the Th/U ratio. 
2. Radiometric Survey Results: The radiometric data were corrected 
for background radiation and interference by subtracting the background 
counts from each channel, then using stripping equations applicable to the 
Scintrex GAM-1 instrument (Scintrex Manual, 1967). Use of the equations 
tends to eliminate the effects of interference of Th in the U channel and U 
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TABLE I 
Elemental Statistics of the Dells Granite* 
Standard Coefficient of 
Element Mean Deviation Range Variance Variation 
U (ppm) 8.83 8.30 0.0- 39.7 68.88 94.0 
Th (ppm) 26.8 5.80 8.9 - 47.4 33.36 22.0 
40K (cps) 5.9 1.07 3.8 - 8.3 1.15 18.0 
Total 
Response 
(cps) 340.1 80.8 185- 568 6526.17 23.8 
Major Element Oxides in Percent 
Standard Coefficient of 
Element Mean Deviation Range Variance Variation 
Si02 75.3 0.90 72.86-77.75 0.81 1.2 
Al2o3 13.97 0.46 12.87-77.75 0.21 3.3 
Fe203 0.94 0.35 0.35-2.73 0.12 37.2 
MgO 0.055 0.15 o.oo - 1.11 0.02 272.7 
CaO 0.49 0.28 0.12 - 1.62 0.08 57.1 
Na20 4.32 0.44 2.67 - 4.98 0.19 10.2 
K20 4.78 0.52 4.04- 7.02 0.27 10.9 
Ti02 0.047 0.037 0.0068-0.249 0.001 78.7 
P205 0.026 0.030 0.0042-0.178 0.001 115.4 
MnO 0.056 0.030 0.0071-0.143 0.001 53.6 
*Analyses by gamma-ray spectrometry and x-ray fluorescence. Statistics 
based on 65 samples. 
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and Th in the K channel. There is no natural interference in the Th channel. 
Stripping factors in the equations vary according to the particular instrument 
and assay conditions in use. They are determined through results of careful 
measurements of the count rates produced in all channels by a pure, series 
equilibrium uranium source and a pure, series equilibrium thorium source 
(Baird and Nargolwalla, 1974-). Equations derived for this survey were: 
eTh (ppm)= 19.26(cps(Th)) - 0.74-21 
eU (ppm)= 16.04-(cps(U) - 0.9(cps(Th))) - 9.27 
eK (%) = k(cps(K) - (cps(U)) - 0.9(cps(Th)) - 0.88(cps(Th))) 
The constants were determined by comparing the stripped radiometric values 
to a set of known values of chemical assays of Dells granite samples. 
Correlations between the radiometric data and chemical assay data are thus 
represented by the constants at the beginning of the stripping equations. 
No chemical assay data for 4-0K were available, so e4-0K values are left 
in counts per second. These values thus show only the relative high and low 
areas of e4-0K for the granite mass. 
B. URANIUM CONTENT AND DISTRIBUTION 
The uranium content and distribution within the Dells granite were 
determined by gamma-ray spectrometry and x-ray fluorescence. X-ray 
fluorescence measures chemical uranium content, while gamma-ray 
spectrometry measures the abundance of the nuclide 214Bi, one of the series 
of daughter products of the decay of 238 U, which when in series equilibrium 
with 238u and the other daughter products in the series, is a reliable 
indicator of the equivalent uranium (eU) content. 
A set of twenty-one samples was analyzed for chemical uranium 
content by x-ray fluorescence, by methods already described. The U contents 
of these samples were then compared to the corrected and stripped 
radiometric response in the U channel for the same samples by linear 
regression, and an equation developed from which the chemical U content for 
each station could be calculated directly from the corrected reading in the U 
channel. This is the stripping equation shown in the previous section. 
Figure 17 is the contour plot of the uranium content and distribution in 
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Figure 17. Equivalent uranium content and distribution in the Dells granite. 
Analyses by gamma-ray spectrometry and x-ray fluorescence. 
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the Dells granite. The contour interval chosen represents the standard 
deviation of the eU data values. Specific eU content ranged from below the 
detection limit of the x-ray fluorescence unit at several stations up to 39.7 
ppm at station G-6. Contour values used are 8.83 ppm (the mean value), 
17.13 ppm (one standard deviation above the mean), 25.43 ppm (two standard 
deviations above the mean), and 0.5 ppm (one standard deviation below the 
mean). 
Two separate areas have eU contents which exceed two standard 
deviations (S.D.) above the mean, which total 720,000 square feet in area. 
These are shown shaded on the map and are at stations G-6 and I-12 (Figure 
17). These represent the center points of larger areas of increased eU 
content. Three large areas and one small area have eU contents which 
exceed 1 S.D. These total 12,260,000 square feet in area. Two of these are 
closely spaced in the western half of the granite body, and trend roughly 
northwest. The third large area, in the northeast, and a much smaller one 
near the southern extremity of the body at 0-8, trend roughly northeast. The 
general trends of the two large eU response zones approximately parallel the 
strikes of the two major joint sets in the granite. The joints may have 
exerted some influence on the depletion of U in the Dells granite, or the 
shapes and orientation of the zones may be related to syngenetic features of 
the original magma. 
The mean U content of the Dells granite is 8.8 ppm. This is more than 
double that of the average granite (Malan, 1977, Nishimori, et. al., 1977). 
The eU content ranges up to 39.7 ppm, which is ten times that of the average 
granite. As shown on the map, approximately 40% of the granite exposed 
exceeds 8.8 ppm (the mean value), and 1 or 2% exceeds 25.4 ppm (+2 S.D.). 
C. THORIUM CONTENT AND DISTRIBUTION 
Equivalent thorium content (eTh) of the Dells granite was also 
determined by gamma-ray spectrometry and equated to a set of assay values 
for the Dells granite samples provided by Proctor (1978). The gamma-ray 
spectrometer actually measures the levels of 208TI, one of the daughter 
isotopes of Th. The equation derived for converting raw count values into 
parts per million eTh was given in section V.A.2. 
Equivalent Th values ranged from 8.9 ppm at station G-16 to 47.4 ppm 
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at station H-7. The mean content is 26.8 ppm, and the standard deviation 5.8 
ppm. The contour interval used on the eTh map is selected at 5.8 ppm. 
Three large and two small areas have eTh values greater than +1 S.D. 
(Figure 18). Of these, only one area, at station H-7, has an eTh content 
greater than +2 S.D. 
The mean thorium content of the Dells granite is somewhat less than 
the 37.8 ppm suggested by Malan (1972) as the average thorium content of 
Precambrian granites in the western United States. The content of the Dells 
granite is close to the 28.2 ppm mentioned for quartz monzonites and the 
25.8 ppm cited as the average content of the continental crust in Malans' 
report. 
D. POTASSIUM CONTENT AND DISTRIBUTION 
The potassium content and distribution of the Dells granite was 
determined by x-ray fluorescence and gamma-ray spectrometry. X-ray 
fluorescence measures chemical K content, while gamma-ray spectrometry 
measures the abundance of the isotope 40K, the major radioactive isotope of 
potassium. This isotope constitutes 0.012% by weight of naturally occurring 
potassium. 
Conversion of count values read from the gamma-ray spectrometer to 
equivalent potassium (eK) values requires, in the case of the GAM-1 
spectrometer, a set of samples previously analyzed for eK to correlate with 
the count values of the field survey. In this study, a set of samples previously 
analyzed for eK was not available to calibrate the survey count values, so the 
raw data were corrected for background radiation and interference, and 
plotted in counts per second (cps). Thus relative, but not absolute abundance 
of e40K is demonstrated. Figure 19 is the contour map of the cps values 
determined by the gamma-ray spectrometer. It shows the relative 
distribution of e40K within the Dells granite. Figure 20 is the contour map of 
the chemical K20 content as determined by x-ray fluorescence. This map 
shows K20 content as a percentage of the whole rock, in orthoclase and other 
K-bearing minerals. 
Seven areas within the pluton have e40K values greater than +1 S.D. 
Included are six small areas in the central and southern parts of the granite 
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Figure 18. Equivalent thorium content and distribution in the Dells granite. 
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Figure 20. Potassium (KzO) content and distribution in the Dells granite. 
Analyses by x-ray fluorescence. 
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corner. Those areas with values exceeding the mean are generally in 
northern and central parts of the granite. 
Areas containing values of +1 S.D. are mainly of easterly trend in the 
west half of the body. Lowest cps readings occur in the extreme northwest 
corner of the pluton. In general, the iso-element contours trend easterly in 
the western half of the granite and northerly in the eastern half. 
The map of chemical K20 content shows four areas, all small and 
isolated, with contents greater than +2 S.D. These form a rough zone 
trending northwest from the southeast to about the center of the pluton. 
Areas with K20 values greater than +1 S.D. roughly parallel this trend toward 
the center of the granite. A northeasterly trend appears in both the mean 
and -1 S.D. values. Those areas containing less than the mean K20 content 
are in the northwest third, the southern extremity, and the northeastern 
corner of the pluton, along with two small isolated areas of less than -1 S.D. 
values. The range of chemical K20 content is from 4.04% at station G-16 to 
7.02% at station N-13. 
E. TOTAL RADIOMETRIC RESPONSE 
The total radiometric (RM) response measurement of the gamma-ray 
spectrometer is a total of all gamma radiation above the 0.15 MeV energy 
level. Total RM response measurements were corrected for background 
radiation and were left in counts per second form (Figure 21). 
Total RM response values in the Dells granite range from 185 cps at 
station G-16 to 568 cps at station G-6. The mean value is 340.1 cps, and the 
standard deviation is 80.8 cps. 
Three areas in the north half of the granite have values greater than +1 
S.D. The center of these is at G-6, and contains a small area with values 
greater than +2 S.D. 
F. COMPARISON OF U, Th, K, AND TOTAL RADIOMETRIC RESPONSE 
DISTRIBUTIONS 
l. U and Total Radiometric Response: The contour map of the U 
content is very similar to that of total RM response. The three outlined 
areas of +1 S.D. values on both maps, two in the west half and one in the 
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6 appears on both maps. Four other areas, one at the northwest tip and 
others across the center of the body and the southeast edge, are also very 
similar in size and trend on both maps. The high U content area at 0-8 does 
not correspond to any area on the Total RM response map. 
The overall coincidence of eU patterns and total RM response indicates 
and intimate relationship between uranium content in the Dells granite and 
the total radiometric response of the granite. 
2. U and Th: Correspondence of eU distribution and eTh distribution 
within the granite is also very close. The +2 S.D. eU content high at station 
G-6 corresponds closely with a similar eTh high at H-7. The high eU contents 
which surround station I-12 correspond to an area of high response on the eTh 
map. The latter overlaps the eU high area on the southwest. Areas of low 
eU concentration at the northwest tip and center of the pluton closely match 
areas of low eTh concentration. Again, similarities between the U and Th 
maps indicate a close genetic relationship between U and Th in the granite. 
3. U, Total Radiometric Response, and K: eU and Total RM response 
and chemical K content show an antipathy. Areas of high eU concentration 
and total RM response do not correspond with areas of high chemical K 
content. 
eU content and total RM response show a better correspondence with 
the relative 40K content of the body. Areas of high eU and total RM 
response values at stations I-12 and 0-8 correspond fairly well with high 40K 
areas at or near the same localities. The area of high eU content around 
station G-6 overlaps an area of relatively high 4-0K content. Low content 
areas of eU and 40K correspond well with the exception of the area trending 
N. 400 E. across the center of the body, which is low in eU content, but high 
in 40K. 
4. Th and K: Thorium shows the same sort of antipathy with chemical 
K as do eU and total RM response. The eTh content highs at H-7, 1-12, and 
N-9 fall in areas of very low chemical K content. High eTh content areas do 
not correspond as well to those of 40K as do high eU and total RM response 
areas. High contents of both eTh and 40K are concentrated in the central 
and northern parts of the granite. 
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G. VARIANCE OF eU AND eTh VALUES 
The eTh content of the pluton has a smaller range and variance than the 
eU content. This suggests a more uniform present distribution pattern for Th 
within the granite than for U. The coefficient of variation for eTh is 21.6%, 
while the coefficient of variation for eU is 94%. The latter is 4~ times 
greater. If the U and Th contents were originally fairly uniform within the 
newly formed granite mass, than the uranium has undergone mobilization and 
possible re-deposition from exogenous processes such as weathering and 
supergene leaching to account for the large coefficient of variation in eU 
values. Uranium is more susceptible in the natural environment than thorium 
because of the relative ease with which it oxidizes from the +4 state to the 
+6 state. The latter is more mobile. A possible chemical mobilization is 
suggested by the ubiquitous banding of the granite caused by the leaching and 
redeposition of iron oxides along joints in the granite. Radiometric response 
of the grainte decreases from the centers of joint blocks to the edges, 
indicating removal of radioactive elements such as mobile uranium from the 
granite directly adjacent to the joint surfaces, which served as conduits for 
oxidizing groundwater. 
H. Th/U RATIO 
Thorium/uranium ratios for each of the 65 sample stations were 
calculated from gamma-ray spectrometry and x-ray fluorescence 
determinations. These are plotted in Figure 22. Due to irregular 
distribution patterns of high and low Th/U ratios, the map is not contoured. 
However, each station is represented by a circle sized according to the value 
of the Th/U ratio of that sample, similar to the system of O'Briens' (1978) 
analysis of Th/U ratios for the Graniteville granite of southeast Missouri. 
The Th/U ratios for the Dells granite are unusual. The histogram of 
Th/U values (Figure 23) clearly shows this. Three distinct groups are present: 
the main group with a mean value of 2.30, the second group with a mean 
value of 6.27, and a third group with a mean value of 1 0.18. Because the low 
ratio group is the largest, it is considered the most representative of the 
granite mass as a whole. 
Malan (1972) reports a 6.8/1 Th/U ratio for Precambrian igneous rocks 
in the western United States and an 8.8/1 ratio specifically for western 
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Figure 23. Histogram of thorium/uranium ratio values for the Dells granite. 
Analy~es by gamma-ray spectrometry and x-ray fluorescence. 
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Precambrian granites. If 2.3/1 is the representative mean ratio for Th/U in 
the Dells granite, then the Dells granite is anomalous, because its Th/U ratio 
is about four times smaller than the average for western Precambrian 
granites. 
One of the reasons for the very low Th/U ratio in the Dells granite is 
the low mean eTh content of 26.8 ppm, which is 32% lower than the 39.5 ppm 
cited for Precambrian granites in the western U. S. Secondly, the high mean 
eU content of 8.83 ppm is almost twice the 4.5 ppm average for these same 
granites (Malan, 1972). Silvers' (1980) analysis of the single sample of the 
Dells granite showed a Th/U ratio of 0.8/1. He cites this as " .•• unusually 
low." 
The generally accepted value for Th/U in normal crustal rocks is 2.5 -
4.0/1 (Nishimori, et. al., 1977). Igneous rocks with Th/U ratios in this range 
are considered to be derived from mantle rocks, or sediments that form 
continental margin eugeosynclinal belts. Nishimori further states that: 
" .•• deposits with low Th/U ratios may have undergone some type 
of surficial reprocessing, in which uranium could have been 
concentrated by surface waters, or may have undergone 
sedimentary recycling, resulting in extreme concentrations of 
uranium." 
Rogers and Nishimori (1977) describe the Rossing uranium deposit in 
South West Africa (Namibia). Here, high uranium concentrations in the G-4 
granite, which intrudes a suite of metasedimentary rocks, are reported to be 
due to the continual recycling of the rocks. The youngest of the granites, the 
anatectic G-4 granite, contains more than 30 ppm uranium and is said to be 
the final repository for uranium concentrated by the continual recycling. 
Another conclusion in this report is that the uranium may have been 
concentrated by supergene processes related to the arid climate of the Namib 
desert environment. 
The high uranium concentration of the Dells granite and the low Th/U 
ratio may be the result of either or both of the processes described above. It 
could also be the result of CaO differentiation of uranium from a uranium-
rich magma, in which uranium follows CaO in the differentiation process. 
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The two subordinate groups of Th/U ratios, with mean values of 6.27 
and 10.18, show a lower U content in relation to the Th content. This lower 
U content is most likely the result of leaching and removal of uranium by 
surficial processes of weathering and erosion. 
The irregular distribution of high and low Th/U values is probably the 
result of varying amounts of weathering over the surface of the granite 
outcrop from which the samples were taken. Krieger (1965) states that the 
present outcrop of the Dells granite is close to an ancient erosional surface, 
explaining the highly weathered character of the granite. The samples 
collected included both moderately and severely weathered forms of granite. 
These probably make up the various groups of samples with low or high Th/U 
ratios. 
I. DISTRIBUTION OF MAJOR ELEMENT OXIDES 
Plots of concentrations of the renaining nine major element oxides of 
the Dells granite are shown in Figures 24 through 32. In each case, the 
contour interval equals the standard deviation from the mean for that 
element. Magnesium is an exception. It is contoured using an interval of 
0.02%. All oxide concentration values are given in weight percent of the 
whole rock. Groups of elements displaying similarities and differences based 
on their distribution patterns over the outcrop area are summarized in Table 
II. 
The (Fe, Mg, Ca, P, Ti) group of elements displays close similarities in 
distribution patterns. The main area of similarity is in the southeastern part 
of the body. This corresponds well with the area of darker granite shown in 
plate 1. The other area is in the north central part of the pluton. This is also 
an area of the more basic and darker granite. Fe, Mg, Ca, and Ti are 
generally in greater abundance in the more mafic rocks. 
Surprisingly, no strong statistical or visual correlations are present 
between Si and K, or between Si, K, and the radioactive elements. Si and K 
usually show strong correlations with U and Th in the alkali igneous rocks 
(Nishimori, et. al., 1977). Also surprising is a lack of similar distribution 
patterns for Fe and U. O'Brien (1978) showed that Fe and U correlated we!l 
in the Graniteville granite of Missouri. This is a granite similar to the Dells 
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Figure 32. MnO content and distribution in the Dells granite. Analyses by 
x-ray fluorescence. 
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magnetite. U appears to be associated with Fe-bearing minerals in the Dells 
granite, such as biotite, which in turn contains hematite, ilmenite, and 
magnetite. The lack of correlation of Fe and U in the Dells granite may be 
the result of intense weathering of the granite, and extensive redistribution 
of Fe and U within the granite. The former is well demonstrated by the 
liesegang banding of iron oxides throughout the granite mass. 
J. AUTORADIOGRAPHS AND RADIOELEMENT DISTRIBUTION 
Autoradiographs clearly show the distribution of radioactivity within 
the Dells granite. Through the use of x-ray film, the texture of the granite 
and the relative radioactivity of each major constituent mineral is readily 
outlined (Figure 33). 
The individual spots exposed on the film due to radioactivity relate 
mostly to biotite, which gives the strongest response. Feldspars show an 
intermediate response which appears as a faint mottling on the film. Quartz 
gives little or no response, and does not expose the film. A quartz-mica 
(muscovite or phlogopite) pegmatite sample from station L-13 has a mica 
response lower than that of the feldspars in some of the other samples. 
The feldspar mottling pattern is fairly consisten in intensity throughout 
the granite, yet there are wide variations in the amounts and intensity of the 
spots produced by the biotite grains. Zones of relatively abundant 
radioactive biotite grains correspond well with those of high radiometric 
response of the spectrometer survey (Table III). 
Rocks from pegmatites and altered zones produced weak intensity 
autoradiographs. There is little or no response from individual biotite grains 
in pegmatites, although elsewhere biotite is the most radioactive mineral in 
the granite. 
The biotite, with its high radiometric response, is the apparent source 
of the anomalous concentrations of uranium in the Dells granite. Within the 
biotite grains, and in particular around zircon and the Fe-oxides hematite, 
magnetite, ilmenite, and leucoxene, are pleochroic haloes. The feldspars, 
though less radioactive, make a contribution to the total radioactivity of the 
rock. This contribution, though smaller than that of biotite, is more constant 
throughout the rock. 
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Figure 33. Autoradiograph of Dells granite samples L-13-2 (upper left), E-4 
(upper right), and H-9 (bottom). Highly radioactive mineral 
grains (mostly biotite) appear as white spots, feldspar grains as 
faint gray mottling. Quartz, being least radioactive, is darkest 
gray. Actual size. 
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TABLE III 














*Total: 19 Autoradiographs 
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K. THE DELLS GRANITE AS A POSSIBLE SOURCE OF ECONOMIC 
URANIUM DEPOSITS 
. Malan (1972) summarizes four important aspects of the distribution of 
Precambrian igneous rocks relative to the distribution of stratiform uranium 
deposits in Mesozoic and Cenozoic sedimentary rocks in the western United 
States: 
"1. Significant radioelement enrichment in Precambrian rocks 
correlates regionally with the distribution of major stratiform 
uranium deposits in sandstones ••• 
"2. Most major stratiform uranium deposits in the western 
United States are on the foreland of the Cordilleran geanticlinal 
fold belt, on the cratonic platform where Precambrian rocks are 
at shallow crustal levels. Detritus from the erosion of these 
Precambrian rocks usually forms part of the host rocks, 
particularly those of Tertiary age, for the uranium deposits. 
"3. The uranium in the major stratiform deposits in sandstones is 
generally assumed to have been derived from granitic rocks in the 
provenance... The granitic rocks are largely Precambrian... Thus 
the original source of the uranium would be in the Precambrian 
rocks. 
"4. The regional relationship of the distribution of anomalous 
amounts uranium in Precambrian rocks to the distribution of 
known major uranium deposits in Mesozoic and Cenozoic 
sediments indicates favorability of undiscovered deposits ln ••• 
basins within that portion of the Mesozoic Cordilleran fold belt in 
western Arizona... where Precambrian rocks are enriched in 
uranium." (Malan, 1972) 
Based on Malans' conclusions and what is known about the radioelement 
distribution in the Dells granite, it can be concluded that the Dells granite is 
a likely Precamabrian source for mobile uranium which has been leached of 
part of its original uranium content. This leached and mobile uranium could 
have been reconcentrated by subsequent groundwater processes into 
economic deposits, either in the adjacent Tertiary sediments, or within the 
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granite body itself. 
The Dells granite contains anomalous amounts of uranium, and has been 
at or near the surface of the earth since the end of Precambrian time. It has 
been exposed to protracted periods of erosion, weathering, and leaching. The 
body is within the region of the western United States described by Malan 
(1972) as being favorable to the formation of stratiform uranium deposits 
where Precambrian igneous rocks are enriched in uranium. 
Using data obtained during this study, an estimate has been made of the 
amount of uranium that has been leached from the high uranium content 
areas of the granite body. This mobile uranium may have been carried 
outward from the granite body by ground or surface waters, to be redeposited 
elsewhere, or been redeposited within the granite body itself at an oxidation-
reduction boundary, as already discussed. 
To make this estimate, several basic assumptions were made: 
I. Only the areas containing uranium contents greater than +1 S.D. 
were considered. 
2. Depth of leaching is assumed to be 100 feet, due to the severely 
weathered and jointed nature of the granite. 
3. Because of the high variability of the amount of weathering and 
jointing of the granite mass in different areas, Yz by volume of the granite is 
considered to have been leached, and of this half, Y2 of the total U content is 
considered to have been removed by leaching. This results in a net removal 
of U by leaching of 25%. 
4. U content of the +1 S.D. zones is assumed to be 21.3 ppm, halfway 
between +1 S.D. (17.1 ppm) and +2 S.D. (25.4 ppm). U content of the +2 S.D. 
zones is assumed to be 29.6 ppm, halfway between +2 S.D. (25.4 ppm) and +3 
S.D. (34.2 ppm). 
The total amount of uranium contained in the +1 S.D. zones of the 
granite (0.44 square miles), assuming a grade of .00213% (21.3 ppm) and a 
leaching depth of 100 feet, is approximately 53 million pounds. The total 
amount of uranium in the +2 S.D. zones (0.026 square miles), assuming a 
grade of .00296% (29.6 ppm) and a leaching depth of 100 feet, is 
approximately 360,000 pounds. Total uranium content of the +1 and +2 S.D. 
zones to a depth of 100 feet, is 53,360,000 pounds. Of this, 25%, or 13.3 
million pounds, is assumed to have been removed by leaching. This is a large 
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and significant amount. 
Likely host rocks for stratiform uranium deposits occur in the Chino-
Lonesome basin to the north of the Dells granite. Upper Tertiary 
sediments and interbedded basalt flows in the basin probably exceeded 
2,000 feet in thickness before present-day erosion removed most of the 
topmost sediments. Today the thickness of sediments does not much 
exceed 1,000 feet in the deepest parts of the basin. These sediments 
consist of fanglomera tes, mud flows, some interbedded rhyolitic and 
basaltic tuffaceous material and basalt flows around the edges of the 
basin, and channel gravel, sand, silt, and clay in the interior part of the 
basin (Krieger, 1965). 
All of the surface and ground water which flows over or through the 
Dells granite makes its way into the Chino-Lonesome basin to the north and 
east. A radiometric traverse was run as part of this study across the bed of 
Granite Creek about 6 miles to the north of the Dells granite. It showed 
readings of up to 2X background over bars of gravel which are apparently 
derived from the granite body, as they resembled the granite in color and 
composition. This indicates that radioactive material from the granite is 
being transported considerable distances to the north and east of the granite 
by the action of surface waters. 
Concentration of uranium into economic deposits in or around the Dells 
granite might occur as follows: 
1. Mobile oxidized uranium leached from the Dells granite is 
transported down the hydraulic gradient into the Chino-Lonesome basin. It 
might be concentrated along an oxidation-reduction boundary, such as in the 
Wyoming and Colorado Plateau roll-type deposits. 
2. Malan (1972) states that: 
" ••• anomalous U and Th in outcrops of iron-stained Precambrian 
granitic masses in several areas result from oxidizing syngenetic 
or hypogene epigenetic concentrations of iron minerals and 
radioelements. Supergene remobilization of mobile uranium in 
such an environment might result in economic deposits being 
formed at depth near the oxidation-reduction boundary." 
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This introduces the possibility of an economic deposit of uranium being 
formed at depth within the granite body itself if the necessary reducing 
conditions are present at depth. 
70 
VII. SUMMARY AND ~ONCLUSIONS 
The principal purpose and result of this study was to identify the 
content and areal distribution patterns of the radioactive elements U, Th, and 
40K, as well as those of the ten major element oxides in the Precambrian 
Dells granite of central Arizona. The results of field and laboratory 
investigations and the conclusions derived from these results are listed below. 
1. The mean eU content of the granite is 8.8 ppm, double the average 
uranium content of Precambrian granites of the western United States as 
recorded by Malan (1977) and others. The eU content ranges from below 
detection limits to 39.7 ppm, the latter approximately ten times the average 
content for western U. S. granites. High eU contents are restricted to two 
areas in the north half of the granite mass which exceed one standard 
deviation above the mean. These total about Y.z square mile in area. 
High alkali granites such as the Dells granite have been noted to 
contain the highest concentrations of uranium. This is due to uranium and 
thorium remaining in the later magmatic fluids due to their large ionic radii, 
which prevents them from being included in the crystal structures of the 
common rock-forming minerals. Thus, rocks formed at the end stages of 
magmatic differentiation, such as alkali granites, contain high concentrations 
of uranium and thorium, as well as late stage minerals formed from more 
volatile components, such as fluorine and boron. 
2. The mean e Th content of the granite is 26.8 ppm, somewhat lower 
than the 37.8 ppm reported by Malan (1972) as the average Th content of 
Precambrian granites of the western U. S. eTh content ranges from 8.9 ppm 
to 47.4 ppm. Thorium distribution in the granite is similar to that of 
uranium. 
3. The mean chemical potassium (K20) content of the granite is 4.8%, 
with a range from 4.0% to 7 .0%. The mean value is slightly higher than that 
given for the average western U. S. granites. 
Only relative values were obtained for the content of 40K, the main 
radioactive isotope of potassium. Radiometric survey values were reported 
in counts per second. 
Chemical potassium seems to show an antipathy for uranium, which is 
unusual, since it would be expected that uranium would follow potassium in 
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the differentiation and crystallization sequence of the granite. 
4. Total radiometric response of the granite ranged from 185 cps to 
568 cps, with a mean value of 340 cps. Distribution of total radioactivity 
correlates very closely with that of eU. 
5. The Th/U ratio of the Dells granite is highly variable. Th/U ratios 
of the granite fall into three distinct groups with mean values of 2.3, 6.27, 
and 10.18. The group with the mean value of 2.3 is the largest, comprising 
about half of the values. 
The low Th/U ratio of the main group results from the relatively low 
mean Th content of the granite and the relatively high mean U content of the 
granite. Samples of the Dells granite with these low Th/U values do not 
appear to have been significantly leached of their uranium content. 
The two groups with higher Th/U ratio values have probably been 
leached of at least some of their original uranium content by leaching and 
weathering processes. The granite is weathered over its entire surface, and 
is stained with iron oxides, indicating possible removal of mobile oxidized 
uranium. 
6. Petrographic examination of the Dells granite indicates that the 
uranium content is closely related to the iron minerals magnetite, hematite, 
ilmenite, and leucoxene, which are found associated with biotite, and the 
radioactive trace minerals zircon, allanite, thorite, xenotime, and the 
metamict phases indicated by Silver (1980). These minerals cause dark 
pleochroic haloes in biotite, indicating their radioactive nature. No evidence 
of late interstitial uranium-bearing minerals is found, perhaps due to the 
extreme weathering of the granite. 
7. Autoradiographs made from Dells granite samples show also that the 
radioactivity in the granite is concentrated in the biotite grains and 
accessory minerals, and that the feldspars (mostly microcline and orthoclase) 
exhibit faint radioactivity, probably due to the presence of 40K. 
A second objective of this study was to determine the possibility for 
economic uranium deposits derived from the Dells granite, either in the 
surrounding Tertiary sediments or in the granite body itself. Two possible 
models are proposed: 
1. Mobile oxidized uranium is leached from the granite by weathering 
and groundwater processes, and moves down the hydraulic gradient where it 
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is precipitated and concentrated at an oxidation-reduction boundary in the 
Tertiary sediments in the Chino-Lonesome basin. 
2. Malan (1972) proposes a model in which supergene enrichment of 
uranium occurs at an oxidation-reduction boundary at depth within the 
granite body itself. 
Assuming certain parameters for the amount of uranium leached from 
the granite and the depth of leaching, approximately 13 million pounds of 
uranium may have been leached from the granite and been in circulation in 
the ground and surface waters of the area, available for redeposition as 
proposed in the two models above. 
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APPENDIX 
CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element A-2 B-1 B-3 C-2 C-4 D-1 
Si02 75.42 75.46 74.88 75.62 75.66 75.05 
Al203 14.07 13.78 14.43 14.17 13.96 14.47 
Fe203 0.7489 0.8883 0.8132 0.7414 0.9317 0.8878 
MgO 0.0091 0.0163 0.0390 0.0336 0.0410 0.0079 
CaO 0.2471 0.6218 0.5191 0.3141 0.1945 0.1269 
Na20 4.748 4.577 4.646 4.595 4.220 4.638 
K20 4.642 4.552 4.612 4.399 4.887 4.693 
Ti~ 0.0068 0.0176 0.0181 0.0099 0.0281 0.0162 
P205 0.0126 0.0158 0.0078 0.0080 0.0102 0.0110 
MnO 0.0997 0.0652 0.0362 0.1066 0.0650 0.0922 
U (ppm) * 5.5 15.1 6.0 0.0 11.9 8.9 
* Th (ppm) 23.2 23.2 27.9 23.2 23.2 25.0 
Total Count 311 351 309 216 324 295 
(cps) 
* Theoretical error was calculated for U and Th as follows: 
Theoretical error of gamma - ray spectrometer = 
a(cps) = ./count intensity (cps) 
v·2x (time constant) (=effective counting time) 
= . 2 cps::::$2 1/2 ppm 
Theoretical error of x-ray fluorescence spectrometer = 1 ppm 
Total error (crt) =/2 1/2 ppm2 +1 ppm2 
= + 2-3 ppm 
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CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element D-3 D-5 E-2 E-4 E-6 F-1 
Si02 75.37 7'+.90 75.36 76.'+2 75.85 75.92 
Al203 13.9'+ 14.15 13.85 13.74 13.29 13.57 
Fe203 0.9180 1.0860 1.0300 0.7519 1.3680 1.2130 
MgO 0.0000 0.0082 0.0027 0.0257 0.0179 0.01'+3 
CaO 0.3405 0.51'+6 0.5521 0.1723 0.6302 0.1995 
Na20 '+.586 '+.559 '+.437 3.973 4.522 '+.'+88 
K20 '+.731 4.6'+9 '+.52'+ '+.807 '+.198 '+.'+15 
Ti02 0.0243 0.0279 0.02'+2 0.0321 0.0'+'+0 0.024'+ 
P205 0.0165 0.0265 0.1469 0.0144 0.0199 0.0205 
MnO 0.0785 0.0873 0.06'+9 0.0598 0.0'+46 0.1216 
U (ppm) 12.1 '+.2 12.9 23.6 14.3 1.0 
Th (ppm) 25.0 26.3 32.5 27.9 31.0 26.3 
Total Count 333 325 382 '+75 430 257 
(cps) 
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CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element F-3 F-5 F-7 F-11 F-13 G-2 
Si02 75.65 75.98 74.52 75.28 74.56 74.86 
Al203 13.81 13.59 14.55 13.91 14.41 13.89 
Fe203 0.7773 0.8316 0.9778 0.8695 0.7637 1.4060 
MgO 0.0129 0.0240 0.0453 0.0521 0.0187 0.0277 
CaO 0.7582 0.5398 0.6241 0.8466 o. 7511 0.3603 
Na20 4.259 4.572 4.395 4.065 4.629 4.078 
K20 4.613 4.355 4.797 4.862 4.723 5.224 
no2 0.0608 0.0226 0.0405 0.0615 0.0285 0.0510 
P2o5 0.0157 0.0062 0.0074 0.0188 0.0327 0.0497 
MnO 0.0465 0.0744 0.0427 0.0329 0.0791 0.0566 
U (ppm) 23.5 15.6 15.6 2.3 7.4 2.4 
Th (ppm) 26.3 27.9 27.9 23.2 26.3 25.0 
Total Count 435 375 477 288 356 305 
(cps) 
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CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element G-4 G-6 G-8 G-10 G-12 G-14 
Si02 74.42 76.27 74.31 75.47 73.84 75.94 
Al203 14.58 13.68 15.00 13.49 14.61 13.64 
Fe203 0.8847 0.9262 0.6938 1.1930 0.9531 0.8428 
MgO 0.0377 0.0537 0.0541 0.0442 0.0379 0.0000 
CaO 0.6939 0.1828 0.4108 0.8116 1.1590 0.4203 
Na20 4.564 4.283 4.434 4.074 3.926 4.457 
K20 4.694 4.542 4.968 4.774 5.333 4.634 
TiOz 0.0476 0.0252 0.0810 0.0946 0.0798 0.0240 
P205 0.0221 0.0094 0.0184 0.0202 0.0194 0.0112 
MnO 0.0560 0.0279 0.0351 0.0345 0.0430 0.0339 
U (ppm) 3.2 39.7 2.4 4.0 17.0 18.8 
Th (ppm) 32.5 27.9 25.0 25.0 26.3 27.9 
Total Count 420 568 301 318 421 478 
(cps) 
82 
CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element G-16 H-5 H-7 H-11 H-13 H-15 
Si02 75.67 75.08 75.79 75.22 76.57 75.56 
AI203 14.27 14.15 13.59 13.30 13.26 13.62 
Fe203 0.7419 0.6230 1.0710 1.4300 0.8189 0.9429 
MgO 0.0000 0.0430 0.0226 0.1320 0.0000 0.0026 
CaO 0.3243 0.6242 0.1228 0.8985 0.6484 0.5716 
Na20 4.885 4.231 4.858 4.061 4.265 4.614 
K20 4.037 5.136 4.423 4.704 4.347 4.602 
Ti02 0.0083 0.0236 0.0313 0.1267 0.0487 0.0215 
P205 0.0201 0.0058 0.0466 0.0477 0.0143 0.0103 
MnO 0.0403 0.0746 0.0455 0.0756 0.0304 0.0507 
U (ppm) 1.2 14.9 1.2 18.0 27.9 8.4 
Th (ppm) 8.9 27.9 47.4 35.6 23.2 20.2 
Total Count 185 410 420 445 461 300 
(cps) 
83 
CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element 1-4- 1-6 1-8 1-10 1-12 1-14-
Si~ 75.22 75.46 75.24 73.65 75.34 74.83 
Al203 13.70 14.28 13.79 14.37 13.58 14.36 
Fe203 1.1240 1.1010 1.0400 1.6200 1.2150 0.0723 
MgO 0.0284 0.0311 0.0303 0.1364 0.0610 0.0355 
CaO 0.7000 0.1796 0.5173 0.8732 0.8071 0.3786 
Na20 4.508 4.203 3.855 4.022 4-.4-52 4.587 
K20 4-.569 4.626 5.398 5.04-0 4.4-00 5.023 
Ti02 0.0587 0.0201 0.0586 0.1413 0.0739 0.0437 
P205 0.0187 0.0135 0.0215 0.074-0 0.0315 0.0192 
MnO 0.0723 0.0821 0.0464 0.0741 0.0356 0.0246 
U (ppm) 5.2 9.0 12.1 9.2 25.9 8.9 
Th (ppm) 20.2 26.3 25.0 27.9 34.0 25.0 
Total Count 262 34-0 356 366 490 325 
(cps) 
84-
CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element J-15 K-4 K-6 K-8 K-10 K-12 
Si02 76.25 75.75 75.1il- 74.20 74.22 77.33 
Al203 13.65 13.27 14.01 14.61 14.32 12.87 
Fe203 0.4684 1.0090 1.13ii-O 0.9739 1.0440 0.0110 
MgO 0.0426 0.0000 0.0000 0.0197 0.0467 0.0312 
CaO 0.3359 0.4287 0.2301 0.4624 0.9054 0.2004 
Na20 4.484 4.980 4.269 4.741 4.512 3.780 
K20 4.673 4.436 5.057 4.883 4.812 4.614 
Ti~ 0.0589 0.0212 0.0187 0.0459 0.0585 0.0816 
P205 0.0194 0.0184 0.0548 0.0229 0.0121 0.0629 
MnO 0.0205 0.085il- 0.0846 0.0323 0.0693 0.0251 
U (ppm) 3.2 0.0 0.0 13.8 5.2 15.9 
Th (ppm) 32.5 26.3 20.2 26.3 20.2 31.0 
Total Count 326 233 215 379 326 405 
(cps) 
86 
CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element K-14 K-16 L-9 L-11 L-13 L-15 
Si02 74.85 75.99 76.03 74.23 73.59 76.03 
A1203 14.77 13.55 13.51 14.54 14.75 13.92 
Fe203 0.5625 0.7998 0.7507 0.3923 1.1750 0.4146 
MgO 0.0742 0.0190 0.0287 0.0000 0.0493 0.0560 
CaO 0.2941 0.4662 0.7461 0.7592 0.4403 0.4822 
Na20 4.427 4.694 4.429 3.610 3.760 4.345 
K20 4.752 4.406 4.404 6.416 6.145 4.667 
Ti02 0.0570 0.0483 0.0149 0.0257 0.0529 0.0511 
P205 0.1779 0.0196 0.0042 0.0191 0.0184 0.0243 
MnO 0.0383 0.0095 0.0790 0.0158 0.0199 0.0099 
U (ppm) 9.2 0.0 14.1 13.7 0.0 0.0 
Th (ppm) 27.9 27.9 29.4 25.0 27.9 27.9 
Total Count 365 259 377 333 285 215 
(cps) 
87 
CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element M-6 M-10 M-12 M-14 N-9 N-11 
Si02 75.68 74.71 74.86 72.86 75.57 75.55 
Al203 14.06 13.70 13.63 13.79 14.12 13.94 
Fe203 0.9681 1.5670 0.3520 2.7280 0.5943 0.7989 
MgO 0.0799 0.0166 1.1130 0.4415 . 0.0376 0.0075 
CaO 0.1391 0.7673 0.1798 1.6220 0.5474 0.5320 
Na20 3.689 4.495 4.461 3.742 4.437 4.498 
K20 5.237 4.624 5.301 4.368 4.593 4.4-58 
Ti02 0.0803 0.0522 0.0359 0.2490 0.0477 0.0390 
Pz05 0.0323 0.0096 0.0206 0.1902 0.0106 0.0178 
MnO 0.0329 0.0611 0.0555 0.0893 0.0390 0.04-16 
U (ppm) 0.0 3.6 7.6 0.0 3.2 J.t..7 
Th (ppm) 26.3 35.6 27.9 25.0 32.5 31.0 
Total Count 295 403 346 218 353 310 
(cps) 
88 
CHEMICAL ANALYSES OF THE DELLS GRANITE 
(Analyses by x-ray fluorescence and gamma-ray spectrometry) 
Sample Station Number 
(Analyses in weight percent) 
Element N-13 0-8 0-10 P-6 P-8 
Si02 74.78 74.82 75.08 75.79 75.73 
Al203 13.93 13.92 14.40 13.82 13.75 
Fe203 0.4854 1.1000 1.2790 1.0240 1.1030 
MgO 0.0376 O.OllO 0.0133 0.0705 0.0317 
CaO 0.2368 0.6056 0.1495 0.2481 0.1163 
Na20 3.472 4.585 4.466 4.461 4.545 
K20 7.016 4.800 4.468 4.390 4.508 
Ti02 0.0124 0.0374 0.0295 0.0605 0.0480 
Pz05 0.0106 0.0129 0.0118 0.0210 0.0210 
MnO 0.0126 0.1058 0.1020 0.1212 0.1434 
U (ppm) 12.1 23.6 4.0 0.0 0.0 
Th (ppm) 25.0 27.9 25.0 25.0 25.0 




Plate 1. Geologic Map of the Dells Granite - Yavapai Co., Arizona 
PLEASE RETURN PLATE TO THE POCKET. 
COPIES OF THIS PLATE ARE AVAILABLE 
AT A NOMINAL CHARGE IN THE DEPART-
MENTAL OFFICE. 

